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What is the problem?
Networks of collagen fibres provide
mechanical strength to the skin and the
structural distribution of the fibres within
a sample of living skin governs the skin’s
ability to withstand external forces at varying
angles of orientation. A sample of tissue with
an isotropic distribution (evenly distributed
across all angles) of collagen fibres can
withstand stresses in all directions; whereas
a sample with an anisotropic distribution can
withstand large stresses in the direction of
fibre orientation, but a minimal stress at right
angles to the direction of fibre orientation
(see Figure 1).
Research has shown that, during wound
healing, the alignment of collagen fibres
does not often match that found in
unwounded skin tissue. Instead, post-wound
fibres often orientate themselves along

one major axis (akin to Figure 1B), following the
orientation of Langer’s lines, the major axis that
reflects the physiological condition of the skin
tissue. This can lead to serious tissue weakness
in angles other than that of the Langer’s lines,
increasing susceptibility to wound creation.

Figure 1 The maximum tensile strength (the material’s ability to resist pulling
forces) of skin tissue across 8 primary orientations with: (A) an isotropic
distribution and (B) an anisotropic distribution. The size of the arrows
indicates the strength of the skin.

What are we
interested in?
We wanted to develop a
framework for analysing the
statistical distribution of collagen
fibres in the skin based on
microscopic analysis of skin tissue
in order to analyse variations in
the formation and remodelling
of the collagen fibre networks
during healing. Such a system
would enable quantification
of the condition of skin tissue
during wound healing. A better
understanding of collagen fibre
network formation could lead
to the creation of more effective
drugs to improve healing
properties; such as healing time
and post-wound strength.

What did we do?
We used a mathematical programming
language to create a computer program
with a working graphical interface which
could examine and read images taken from
a microscope of very thin slices of skin of
approximately 5 thousandths of a mm (see
Figure 2). The images were first segmented
such that everything apart from the collagen
fibres were removed, using a method called
k-means clustering.

4), the image intensity across each integer
angle from 0 degrees to 180 degrees could
be analysed. This allowed us to investigate the
relative percentage of fibres which are oriented
across each integer angle for both unwounded
and wounded tissue. We purposely designed
this program so that it can be quickly picked
up and used by a biological scientist
or a doctor.

Using 2D Fourier Transform (see Figure 3), and
converting each pixel from the x and y axes in a
single plane to a polar (radial) form (see Figure

Figure 3 The generalised equation of the 2D Fourier
Transform.

What did we find?
We found that unwounded tissue had an
isotropic distribution of collagen fibres (see
Figure 5) and, as previously speculated,
the majority of collagen fibres within the
wounded tissue oriented themselves along
one primary axis (see Figure 6). We also
demonstrated that the code we generated

Figure 5 Results gathered from analysing 10 samples of tissue prior to
wound creation. The fibres are orientated uniformly across all directions,
showing random distribution.

is effective in measuring similar properties in
other body structures; such as the mucosal tissue
that lines the inner surface of our mouths. Slight
modification of the code may also allow research
to be conducted on the statistical orientation of
bone fibres before and after a break.

Figure 6 Results gathered from analysing 10 samples of tissue after seven
days of wound healing. The majority of fibres orient themselves in one
direction, with very few being found oriented at a vastly different angle.

Figure 2 A screenshot of the generated code in operation, with a fully functioning graphical
user interface.

Figure 4 The mathematical equations governing the
conversion from cartesian (x and y axes in a single
plane) to polar (radial) coordinates.

What does this mean?

Who am I?

Our findings show that during wound
healing, the associated skin tissue cannot
withstand a uniform tensile strength (the
material’s ability to resist pulling forces) in all
direction when compared to its unwounded
counterparts. Instead, the samples had a
large maximum tensile stress in the direction
of fibre orientation with a decrease in value
as the external force was rotated closer to
the direction at right angles to the fibres;
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hence, a lower structural resistance to
external forces. This could give rise to the
assumption that scar tissue is generally much
weaker than unwounded tissue, particularly
in the direction that is perpendicular to the
Langer’s line. A better understanding of this
issue could give doctors an insight into new,
possibly more effective care regimes; such
as wound bandaging and better advice on
wound care.
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